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SPIRAL STRUCTURE OF CULTURED CHROMOSOMES 


Figure 1 


A and B show pachytene in Tradescantia paludosa after fixation in Carnoy’s solution and 
staining by the Feulgen reaction. A is from an anther taken directly from the plant while B 
is from one that had been excised at mid-leptotene and cultured 42 hours at 25°C. C and D 
show metaphase and prometaphase, respectively, in 7. canaliculata after the same fixation and 
staining. C was taken directly from the plant while D was excised at early diplotene and cul- 
tured 27 hours at 25°C. (Magnification ca. 3200.) 


CHROMOSOMES FROM CULTURES OF 
EXCISED ANTHERS* 


J. Herpert TAyYLor 
University of Tennessee 


chromosome structure and behavior 

during meiosis by culturing the ex- 
cised anthers of Tradescantia, striking 
fixation pictures were obtained. After 
growth in a nutrient medium for 24 to 
48 hours, the spiral structure of meta- 
phase or prometaphase chromosomes 
can be seen with unusual clarity. Like- 
wise, the details of pairing at the pachy- 
tene stage, which is typically very diffi- 
cult to analyze in Tradescantia and many 
other plants, can be followed with rela- 
tive ease in preparations from these 
cultures. 


[: experiments designed to study 


Technique 


Anthers were excised aseptically from 
buds at the time the sporogenous tissue 
was in some stage of meiosis. These 
anthers were floated on a sterile nutrient 
medium in small petri dishes and incu- 
bated at 25°C. The medium used was 
that recommended by White.® This was 
modified by the addition of sugar to five 
parts per hundred and adjustment of the 
pH to 7.0 + 0.1. Stages at excision 
were estimated by examination of two 
of the six anthers of the flower in tem- 
porary aceto-orcein squash preparations. 
Since the anthers of a single flower are 
highly synchronized in stages of meiosis, 
this method is reliable, especially when 
young inflorescences of rapidly growing 
plants are used. After the lapse of time 
estimated for the cells to reach the de- 
sired stage of division, the anthers were 
fixed in Carnoy’s solution (3 parts ethyl 
alcohol and 1 part glacial acetic acid) 
for 12 to 18 hours and then stained by 
means of the Feulgen reaction. Anthers 
were rinsed in a solution of glacial acetic 
acid in water (equal parts) for 15 to 30 
minutes. The contents of the anthers 
were then pressed out on a slide in the 
same solution, a cover slip applied and 


*Published as Contribution No. 108 from the Botanical Laboratory of the University of 


Tennessee. 
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the preparations were ready for study. 
The technique is a simple, standard one 
well known to cytologists, except the 
pretreatment in a culture medium. 


Observations and Discussion 


One of the best preparations of mid- 
pachytene obtained by this technique 
from greenhouse material is shown in 
Figure 14. The same stage from an 
anther excised at mid-leptotene and 
grown for 42 hours in culture at 25°C. 
may be seen in Figure 1B. The six pairs 
of chromosomes could be traced through 
the nucleus under the microscope. Pair- 
ing is complete except in one pair, which 
contains an inversion (see arrow in Fig- 
ure 1B). Any hypothesis explaining the 
localization of chiasmata! near the ends 
of the chromosomes in Tradescantia will 
have to take into account the complete 
pairing which is apparent by mid-pachy- 
tene, not only in these preparations but 
in control cells which can be interpreted 
by comparison with these. 

The occurrence of a bouquet stage in 
this genus has been difficult to deter- 
mine, but the pachytene thus treated 
shows all of the chromosome ends clus- 
tered near one point (see arrow in Fig- 
ure 1B). Pressure applied in making 
the preparation forced three of the ends 
away from the others. A study of these 
preparations, as well as control mate- 
rials, confirms Swanson’s observations 
that the chromomere-like structures seen 
in Figure 1B are gyres of a coil, at least 
of the desoxyribose nucleic acid com- 
ponent of the chromosome, which is all 
that should be visible after the Feulgen 
reaction. The gyres are considerably 
larger at late pachytene in aceto-orcein 
preparations of anthers from either cul- 
tured or control plants. 

A comparison of Figure 1C and 1D 
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shows the differences that may be ob- 
tained by culturing the tetraploid 
(Tradescantia canaliculata) after exci- 
sion at early diplotene. Coil structure 
and position of terminal or near terminal 
chiasmata may be studied with greater 
facility. Results based on material 
treated in this way may be more de- 
pendable than that from cells after heat 
treatment,** or after the various hot 
water, strong acid or basic pretreat- 
ments® used at the time of fixation. In 
these cells the spirals may or may not 
change direction within a chromosome. 
All four chromosomes of a quadrivalent 
may spiral in the same direction or each 
may be different. Note the arrangement 
in which there is an association of three 
chromosome ends (see arrow in Figure 
1D). This strictly terminal association 
is interesting because of its implications 
for metaphase associations even in the 
absence of crossing-over. Evidence to 
be presented elsewhere® indicates that 
the assumption of such association may 
be necessary to explain an increase in 
bivalent interlocking in these cultures. 

- The changes in cultured material, 
though somewhat variable, are not radi- 
cal in nature. Cells proceed through an 


> 


essentially normal meiosis if allowed to 
remain in culture. Differences seem to 
be associated with hydration of the 
nucleus, and perhaps, of the chromo- 
somes. Some change in the amount or 
distribution of desoxyribose nucleic acid 
on the chromosome may also have oc- 
curred. If the changes are of this nature, 
the technique may prove useful in study- 
ing plants with stages of meiosis difficult 
to analyze. If the material is cultured 
only 24 hours without sugar in the 
medium, sterile technique may not be 
necessary. Preliminary trials on such 
media indicate that results may be com- 
parable to those in which a complete 
medium is used. 
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GENESIS OF THE TROTTER 


HIS book* represents the last major 

contribution of the late John Her- 
vey. He was the foremost turf journal- 
ist in America, if not the world. His 
pen, however, was not limited to matters 
of the turf but included history, musical 
criticism and sonnets. A lifetime devoted 
to the study of Light Horses provided a 
remarkable perspective concerning the 
two major racing breeds. This book 
will remain a source for those interested 
in harness racing, equine genetics, and 
also the origin and development of 


breeds of livestock. It is well written 
and beautifully illustrated, but because 
of its authoritative nature it is unfortu- 
nate that it is not documented more 
fully. 

Contents include: historical introduc- 
tion, early American harness racing ; 
Messenger.; Hambletonian 10 and his 
great sons; major and minor families; 
American Pacer; first two-minute per- 
formers ; John H. Wallace, the Register, 
Standard, and Year Book; five great 
breeders; five modern progenitors, 


*HeErvEY, JOHN, The American Trotter. XI + 551 pp. New York, Coward-McCann, Inc. 


1947, 
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trainer’s contribution; some super 
horses; American Trotter abroad; ap- 
pendix; and index. Not only do a host 
of horses pass in review but the same 
might be said of the men identified with 
the breeding and racing of the Standard- 
bred. 

The Standard-bred is fundamentally 
a derivative of the Thoroughbred but it 
traces also to the Norfolk Trotter, Nar- 
ragansett Pacer, Canadian, Arab, Sad- 
dle Horse, and to unidentified stock. 
Those who are partial to the Thorough- 
bred assign great credit to imported 
Messenger (1780-1808) ; whereas those 
with extreme prejudice against the 
Thoroughbred emphasize imported Bell- 
founder (1815-1843), the first distin- 
guished Norfolk Trotter stallion ever 
imported from England. 

The breed was cradled largely in 
Orange County, New York. Sturdy 
Dutch farmers rocked that cradle. There 
was in those days a very close relation- 
ship between performance on the road 
and performance on the track. The 
breed gained great favor around New 
York and other metropolitan cities. New 
Englanders proudly adopted the Amer- 
ican Trotter, and it is well to note that 
the intimate association of the trotting 
race with agricultural fairs developed in 
New England. Interest in this form of 
racing later declined as the automobile 
crowded the driving horse off the road, 
but in recent years there has been a re- 
vival of interest. 

Hambletonian 10 stands out as one of 
the greatest progenitors not only in the 
history of the Standard-bred but in the 
entire history of animal breeding. His 
success in the stud was so great that the 
breed is today largely a Hambletonian 
family. Geneticists may be interested in 
the fact that Hambletonian’s sire, Ab- 
dallah 1, was brought to Lexington, 
Kentucky, by the great-grandfather of 
the late Thomas Hunt Morgan. Abdal- 
lah was a rascal and to make matters 
worse his tail was thin(“rat tail”). He 
failed to attract the patronage he so 
eminently deserved and after a short 
stay in Kentucky he was returned to 


New York where other sons of Messen- 
ger enjoyed great prestige. Late in his 
stud career he sired Hambletonian. 
When he was thirty years old a fish 
peddler bought him but soon found, like 
all previous owners, that his heels could 
not be tamed! 

It is amazing how many really great 
progenitors had to contend with preju- 
dices and smear campaigns of the most 
insiduous nature. Such things must 
have retarded improvement of the breed. 
The uncanny ability (perhaps some luck 
too) with which some men selected 
breeding stock is a part of the imperish- 
able lore of horse breeding. So are the 
failures to recognize potential merit. 
All of these are woven into the splendid 
biographies of the book. 

It is the author’s contention that the 
pacing gait and gallop were character- 
istic of the horse when the world rode 
horseback but that the trot was devel- 
oped only when good roads and wheeled 
vehicles rendered it acceptable. Arch- 
aeologists have recently unearthed tab- 
lets in Turkish Asia Minor which reveal 
that a King of Mitannia (Cappadocia) 
maintained racing. trotters around 1350 
B.C. The trotter then disappeared from 
history, and did not emerge until about 
200 years ago as the Norfolk Trotter. 
This latter breed was a road horse and 
not a true racing trotter. The American 
Trotter now used almost exclusively for 
racing represents the greatest trotter yet 
known. The only other trotter of note 
is the Orloff Trotter in Russia. 

John H. Wallace, “the Great Com- 
piler,” was largely responsible for the 
Register. He was a rugged individual- 
ist. Progeny of horses already regis- 
tered are themselves eligible for regis- 
tration; others may be registered only 
if they meet the rigid standards appli- 
cable to them. 

The American Trotter may well grace 
the shelves of any scientist. It will add 
lustre to the name of its genteel and 
scholarly author, John Hervey. 


Dewey G. STEELE 
University of Kentucky 


INTERACTION OF FACTORS AFFECTING 
WING LENGTH IN HABROBRACON* 


ARNOLD M. CLARK 
Biology Department, University of Delaware 


“NETICAL studies have shown 

that genes have multiple effects 

and that interactions among genes 
may modify the expression of a charac- 
ter. Much of this work has been done 
to determine the role played by genes 
in development by analyzing interac- 
tions affecting dominance and quantita- 
tive expression. In Habrobracon, a suf- 
ficient number of genes has been found 
to permit a study of interactions. The 
antennae may be modified by factors af- 
fecting the number, length, and articula- 
tion of the segments. The primary and 
secondary wings may be modified by fac- 
tors affecting shape, scalloping, length 
and venation. The legs may be varied 
genetically in length, and in the num- 
ber and articulation of the tarsal seg- 
ments. Whiting*® has described these 
mutants of Habrobracon. The presence 
of these factors, some of which affect 
the same character, permits study of 
problems related to dominance and mod- 
ifying factors. Habrobracon is favorable 
for this type of work because the pres- 
ence of haploids and diploids may per- 
mit analysis of the dosage relations of 
the mutants. 


Materials and Methods 


The mutants used in this study were 
the non-allelic genes long (1), reduced 
(r), and small wing (sw). All three 
normally have shorter wings than wild- 
type (+--+, male, fe- 
male). Long has longer antennae be- 
cause of an increase in segment length 
and has a primary wing which is round- 
ed distally. Reduced lacks the medio- 
cubital crossvein (Comstock-Needham 
System) and has a relatively shorter 
costal vein. Small wing is similar to 
wild-type in shape and venation but has 


smaller cells in the wings as shown by 
the closeness of the microchaetae. 

Small wing females were crossed to 
long-reduced males. The F, female off- 
spring were separated as virgins and the 
resulting parthenogenetically - obtained 
haploid males were collected and pre- 
served in an alcohol-glycerine mixture. 
Examination of the heterozygous F fe- 
males showed that the wings were short- 
er than wild-type. Accordingly, at a lat- 
er date, the initial cross was repeated 
and the resulting eight classes of Fy» 
males were crossed to females from 
stock 33. The heterozygous females ob- 
tained were preserved for further study. 
All wasps were reared at 30°C. 

Body length of the preserved speci- 
mens were measured. Those within the 
limits of 2.50 and 2.80 mm. were select- 
ed. The right primary and secondary 
wings from fifty individuals of each 
genotype were removed, washed in xylol 
and mounted on slides with balsam. 
Measurements of wing length were made 
with an eyepiece scale placed in the ocu- 
lar of a dissecting microscope. The mag- 
nification was 30. 


Interactions of Long, Reduced, and 
Small Wing in Haploid Males 


The eight classes of Fy males resulting 
from the initial small-wing X_ long- 
reduced cross are easily recognizable. 
Each mutant manifests a unique charac- 
teristic which is not masked when in 
combination with the other mutants. 
Modification of wing length is a com- 
mon added effect and shows the pleio- 
tropic nature of these genes (Figure 2). 

The average wing lengths for the pri- 
mary wings ranged from 2.193+.094 
mm. for the wild type to 1.110+.048 
mm. for long-reduced-small wing (Table 


*This investigation was aided by a grant from the University of Delaware Research 


Committee. 
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Clark: Habrobracon Wing Length 


WING-REDUCING GENES 


Figure 2 


Wings shown here illustrate the relative size of wings resulting from various combinations 
of three wing reducing genes: long, reduced, and small wings. A shows a normal wing of a 
haploid male carrying the dominant alleles of the three genes L-R-Sw. B, C, and D, all carry 
one of the recessive wing-reducing genes. Their genotypes being /-R-Sw, L-r-Sw, andL-R-sw. 
The next three wings carry two of the recessive wing-reducing genes and one dominant gene 
(l-r-Sw, I-R-sw, L-r-sw). The smallest wing (H) is produced by the interaction of all three 
recessive alleles: /-r-sw. Thus the effect of the three genes is additive (see Figure 3). In the 
heterozygous females it is shown that all three are semi-dominant. 


1). Each mutant type is shorter than the 
wild-type. The mutant types having two 
or three mutants in combination have 
shorter wings than the mutant types 
having one mutant. There is thus formed 
a series that indicates the additive effects 


of the mutant upon wing length. The de- 
gree of shortening is due to the number 
of mutant genes and to the dosage po- 
tency of each. Those which have a 
greater effect singly have a greater effect 
in combination (Figure 3B). 


| 
| G 
i : . F ‘ 
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The average primary wing length for 
each of the mutant types indicates the 
“dosage potencies” of the genes in- 
volved. The data (Table I) show that 
each mutant shortens the primary wings 
and that mutants in combination enhance 
this. The difference in wing length be- 
tween the wild-type and each of the mu- 
tant types may then be used as a meas- 
ure of the potencies of the mutants in- 
volved. Differences between the esti- 
mated wing lengths may be obtained and 
these used to determine if the effects 
upon wing length are additive. The ac- 
tual differences in wing length between 
wild-type and the mutant types Jong, re- 
duced and small wing are 0.278, 0.402 
and 0.643 mm., respectively. On an ad- 
ditive basis the actual wing length of the 
mutant types with two or three mutants 
in combination should differ in wing 
length from the wild-type by the sum of 
the differences between the wild-type 
and each of the mutants involved. On 
this basis, the estimated wing length 
values are: long-reduced — 1.513+.104 
mm., long-small wing—1.272+.095 mm., 
reduced-small wing — 1.148+.104 mm., 
and long-reduced-small wing — 0.870+ 
.124 mm. (Table I). If these estimated 
values are compared with the actual val- 
ues the differences are .022+.127 mm. 
for long-reduced, .076+.114 mm. for 
long-small wing, .127+.118 mm. for 
reduced-small wing, .240+.133 mm. for 


TABLE I. Wing length, in millimeters, of haploid 
males.* 


Genotype Primary wing Secondary wing Primary wing 


(estimated ) 
2.193+.094 1.862.086 
14++ 1.915+.068 1.600+.055 
1.791+.079 1.713.071 
swt+ 1.550.067 1.361.074 
Ir+ 1.535.073 1.413.075 1.513.104 
lsw+ 1.348.063 1.136+.057 1.272.095 
rswt 1.275+.055 1.240.039 1.148.104 
lrsw 1.110+.048 1.006.052 0.870+.124 


*Each measurement is based on 50 right wings. The con- 
stants given are standard errors. 


TABLE II. Wing lengths (millimeters) of diploid 
females.* 


Genotype Primary wing Secondary wing 
+/+ 2.220.079 1.943.074 
2.145.083 1.878.067 
+/r 2.128.060 1.897+.066 
+/lr 2.080.085 1.821.082 
+/lsw 1.968.063 1.700+.055 
+/rsw 1.980.064 1.732.067 


*Eeach measurement is based on 50 right wings except for 
+/l where 25 right wings were used. 


long-reduced-small wing. These differ- 
ences are less than twice the standard 
error for all the classes, and approach 
the limits for significant difference only 
for long-reduced-small wing. The data, 
therefore, indicate additive effects of the 
mutants upon wing length. 

The average wing length measure- 
ments for the secondary wings range 
from 1.862+.093 mm. for wild-type to 
1.006+.052 mm. for long-reduced-small 
wing (Table I). Here, as for the pri- 
mary wings, each mutant shortens wing 
length and this effect is increased when 
the mutants are in combination. The de- 
crease in wing length is additive and de- 
pendent upon the dosage of the mutants 
involved. 

A comparison of the primary and sec- 
ondary wings of the mutant types con- 
taining long with those having reduced 
shows that reduced caused a greater 
shortening of the primary wing while 
long effects a greater shortening of the 
secondary wing. For the primary wing, 
reduced is shorter than long, long- 
reduced is shorter than small wing, and 
reduced-small wing is shorter than long- 
small wing. For the secondary wing the 
opposite conditions obtain (Figure 3). 


Effect of Long, Reduced, and Small 
Wing in Diploid Females 


Females from stock 33 were crossed 
to mutant type brothers displaying dif- 
ferent combinations of mutant genes. 
The females obtained from this cross 
were +/+, +/l, +/r, +/lr, +/lsw, 
and +/rsw. Insufficient offspring were 
obtained from two of the crosses (+ 
sw and + X Irsw) to select females of 
desired body lengths for measurements. 

Examination of the primary and sec- 


ondary wings of these females shows _ 


that they were phenotypically wild-type 
with respect to shape, cell size and vena- 
tion. The mutant-type characters were 
masked by the wild-type alleles. How- 
ever, an effect upon wing length was ob- 
served indicating the lack of complete 
dominance of wild-type over the mutant 
alleles with respect to this trait. 
Measurements of the primary and 


Clark: Habrobracon Wing Length 


2.0F 22e 


WING LENGTH (mm.) 
WING LENGTH (mm.) 


2.0F 


— & 


swe 


A nA Ac Asw 


= GENOTYPE 


INTERACTION OF WING-REDUCING GENES IN MALES AND FEMALES 
3 


Figure 


Measurements of male wings are shown in graph at left; of females in graph at right. The 
solid lines show length of the primary wing and the dotted line the length of the secondary 
wing. Note that in the male some of the genotypes effect primary and secondary wings 


differently. 


secondary wings of the heterozygous fe- 
males show that they are consistently 
shorter than the wild-type. Of these fe- 
males, those having two mutants in their 
genotype had shorter wings. This shows 
the cumulative effects of these mutants 
in the heterozygous condition. The pri- 
mary wing lengths ranged from 2.220+ 
.079 mm. for +/+ to 1.968+.064 mm. 
for +/lsw (Table II). The decrease in 
wing length is serially similar to the 
trend obtained for the haploid males 
(Figure 3B). The difference between the 
extremes is smaller than for the haploid 
male measurements due to the presence 
of the wild-type allels. 


Discussion 


Dobzhansky and Holz,! in their study 
of the manifold effects of genes in Droso- 
phila, have shown that various mutants 
acting upon external characters also have 
an effect upon spermatheca shape. The 
present study on mutants affecting wing 
length seems to be of the same general 


nature. Here, the non-allelic mutants 
long, reduced and small wing have a 
common effect upon wing shortening as 
well as affecting wing shape, venation, 
or cell size. The wild-type alleles are 
semi-dominant with respect to wing 
length, but dominant for other charac- 
ters. A comparison of the mutant type 
wing lengths with the wild type shows 
the cumulative effects for these mutants 
when in combination. Dobzhansky and 
Holz speak of “dominance modifiers” 
for spermatheca shape. In the same 
sense, the wing mutants in Habrobracon 
cause a shortening of the primary and 
secondary wings. It seems, however, 
that this shortening is not due to added 
modifying factors for wing length with- 
in the stock but to a modifying action 
which is an inherent characteristic of 
these genes. 

The mutants affecting wing length, al- 
though showing additive effects, fail to 
show a disproportionate decrease in wing 
length. However, the mutant type /ong- 
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reduced-small wing shows a difference 
between its actual length and an expect- 
ed length which is close to the border- 
line of statistical significance. It is the 
author’s opinion that measurement of a 
greater number of animals more nearly 
alike in body length and further inbreed- 
ing for greater isogeneity would lower 
the standard errors to show a disproper- 
tionate decrease in wing length for the 
mutant type long-reduced-small wing. 
This would indicate an apparent over- 
lapping of effects of the mutants com- 
bined in the more extreme genotypes as 
a threshold is approached. Waletzky*® 
in his study of the interactions of wing 
mutants and Neel? in a study of mutants 
affecting chaetae have shown that dis- 
proportionate effects are obtained with 
certain interacting mutants. 

For the mutant reduced, the shorten- 
ing of the primary wing can be related 
to a shortening of the proximal portion 
(the costal vein). The distal portion of 
the wing is the same length as the wild- 
type. The decrease in wing length is 
then related to an effect upon a specific 
part of the primary wing. That there is 
also a generalized wing shortening is 
shown by the wing lengths of the fe- 
males. The primary wings of the +/r 
females were shorter than those of the 
+/+ females although the relative cos- 
tal vein length is the same for these 
genotypes. The shortening of the sec- 
ondary wings is a generalized effect with 
no apparent differential growth change 
for these mutants. 

Admittedly, it is difficult to make 
measurements upon a character, the end 
product of a chain of events, and to try 
to relate a series of orderly measure- 
ments to complex interrelated develop- 
mental processes. The data obtained are 
measurements upon the final expression 
of these interacting genes which in the 
course of development have modified 
differentially the proximal portion of the 
primary wing, wing shape, cell size and 
venation. Also, the difference in degree 
of effect upon the primary and second- 
ary wing lengths of the mutants long 
and reduced when compared cannot be 
explained merely in terms of wing length 
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and indicates different effects upon the 
developing structures constituting the 
primary and secondary wings. 

All of the mutant type haploid males 
were active and showed no structural ab- 
normalities. Heterozygous females of 
the mutant types long, reduced, and 
small wing singly and in combination 
were also normal. However, attempts to 
derive and to keep homozygous females 
were unsuccessful. Homozygous females 
obtained were few in number, most of 
them dying as pupae. Those that did 
emerge were weak and could not lay 
eggs due to a defective ovipositor. It is 
possible that this difference in viability 
may be related to sex, the genes having 
a deleterious effect upon developmental 
processes peculiar to the female. What- 
ever the reason for this difference in via- 
bility, it indicates that the genes involved 
affect developmental systems besides 
those influencing wing expression. 


Summary 


1. The non-allelic mutants Jong, re- 
duced, and small-wing have in common 
an effect upon wing length. These ef- 
fects are additive with double and triple 
mutant types having shorter wings. The 
additive nature and semi-dominance of 
these genes are shown in the heterozy- 
gous females. 

2. For the males, primary wing length 
decreases in the following order: +, J, r, 
sw, Ir, lsw, rsw, Irsw; secondary wing 
length decreases as +, 1, l, Ir, sw, rsw, 
Ilsw, Irsw. Reduced has a greater effect 
upon the primary wing while long has a 
greater effect upon the secondary wing. 

3. A difference in viability exists be- 
tween the mutant genes in combination 
in the haploid males and in the homozy- 
gous diploid females. The males were 
normal and active while the females were 
weak with few eclosing. 
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ANODONTIA IN HEREDITARY 


ECTODERMAL DYSPLASIA 


E. McDonatp, D.D.S.* 
Indiana University School of Dentistry 


CONICAL TEETH DUE TO ECODERMAL DISPLASIA 


Figure 4 


Ecodermal displasia is a hereditary disease which is characterized by defects of the teeth 
and the sweat glands of the skin. At four years when this picture was taken, many teeth were 
missing and those present had an unusual conical shape. 


HE literature contains the reports 

of a number of cases of anhidrotic 

ectodermal dysplasia with associ- 

ated anodontia.* The purpose of this 

report is to record in the literature a case 

in which the hefedity may differ from 
that of other cases reported. 


Patient’s History 


Miss J. E., four years, white, present- 
ed for an examination October 31, 1947. 
The parents were concerned about their 
daughter’s lack of normal complement 
of teeth and the unusual morphology of 


those present. The mother related that 
pregnancy was uneventful and the baby 
was full term. At birth there was an ab- 
sence of hair and a skin eruption was 
observed and diagnosed as eczema. The 
first teeth erupted at ten months and the 
remaining teeth present seemed to come 
in “all at once.” 


Physical Examination 


An oral and physical examination re- 
vealed features characteristic of an ecto- 
dermal dysplasia. Hypotrichosis was 
evident to a mild degree, several bald 


*The author wishes to express appreciation to Professor T. M. Sonneborn for his helpful 


suggestions in the preparation of this article. 
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X-RAYS OF TEETH OF MOTHER AND PATIENT 


Figure 5 


The upper photograph shows an X-Ray of the upper jaw of the mother which lacks the 
upper right second and third molars. No trace of buds is to be seen. The X-Rays below show 
the details of the dentition of the affected child. Some unerupted teeth are present; many 
are missing. 
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areas being noted on the child’s scalp. 
From the parents it was learned that the 
patient was suffering from anhidrosis or 
an abnormal deficiency of sweat. During 
the summer months the daughter was 
unable to play outdoors without becom- 
ing overheated, and obtained relief only 
after retiring to a cool place. The out- 
standing ectodermal deficiency was not- 
ed in the dentition of the child. From an 
oral (Figure 4) and radiographic ex- 
amination (Figure 5) the following 
teeth were noted: 
Upper denture: 

Permanent teeth—central incisors, right 

: cuspid and first molar. 
Deciduous teeth—central incisors, cuspids 
and right second molar. 

Lower denture: 

Permanent teeth—central incisors. 

Deciduous teeth—central incisors and left 

cuspid. 

The incisors and cuspids were conical 
and peg shaped. The hair of the patient 
was dry and the skin dry and scaly. This 
can be explained by an absence or scanti- 
ness of the sebaceous secretion (asteato- 
sis). A report from the attending phy- 
sician at birth ruled out the possibility 
of congenital syphilis. 

There are a number of secondary fea- 
tures often associated with an ectodermal 
dysplasia, several of which could be 
demonstrated in this case. There was a 
deficiency in the salivary flow, the lips 
were protuberant, and the patient pre- 
sented a saddle-nose appearance which 
seems to be typical in patients suffering 
> an ectodermal dysplasia. (Figure 

Family History 


It was impossible to examine the 
grandparents of the patient, but so far 
as could be determined they were free 
from any symptoms of ectodermal dys- 
plasia. The father had a full comple- 
ment of teeth and other ectodermal 
structures were normal. Oral radio- 
graphic examination of the mother re- 
vealed the upper right second and third 
molars to be congenitally missing. (Fig- 
ure 4) 

Her teeth were free of dental caries 
and she had never undergone any den- 


CHARACTERISTIC FACIAL FEATURE 
Figure 6 


The four year old patient shows the usual 
syndrome of ecodermal displasia including pro- 
tuberant lips and a broad based nose. 


tal operations. A son, age five, was un- 
affected and oral roentgenograms failed 
to demonstrate an absence of teeth. Up- 
on questioning the father concerning pos- 
sible relationship between him and his 
wife it was learned that his grandmother 
and his wife’s mother were cousins. 


Discussion 


Two types of mendelian heredity are 
commonly recognized in which the gene 
may be dominant or recessive. In either 
case the gene may or may not be sex- 
linked. The hereditary character of the 
anomaly (ectodermal dysplasia) has 
been generally accepted as being sex- 
linked recessive and rarely seen in fe- 
males. Rushton* reported a case in 
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which the dysplasia did not behave as a 
sex-linked character. A mother and son 
had varying degrees of anodontia but no 
other female relatives were known to be 
affected. 

Cerny” observed a twelve-year old fe- 
male with anodontia whose ancestors, 
brothers, and sisters were free from ab- 
normalities of the teeth. 

Weech? has recorded a case of a white 
girl, age seven, with anodontia. An older 
brother and sister and the parents were 
free from anomalies similar to those of 
the patient. 

Anodontia, like color blindness, may 
be inherited as a sex-linked recessive 
character. The gene for it is transmitted 
from an affected man to all his daugh- 
ters because it is in his X chromosome. 
These daughters will be normal although 
heterozygous because the gene for ano- 
dontia is recessive and is dominated by 
the corresponding normal gene in their 
other X chromosome. However, half of 
their sons by a normal man will receive 
an affected X chromosome from their 
mother and will have the defect. 

In contrast to a sex-linked inheritance 
a recessive gene in some other chromo- 
some may be transmitted through sev- 
eral generations and the defect may not 
be evident. Cousin (consanguineous ) 
marriages in a family which is carrying 
the recessive gene may bring this anom- 
aly to the surface. 


In order for ectodermal dysplasia to 
occur in the female, the affected person 
would have to inherit two affected chro- 
mosomes, one from each parent, and a 
degree of inbreeding makes this situa- 
tion much more likely. 


Summary 


A case of anodontia in the female is 
reported. The heredity in this case is of 
an incompletely recessive character. The 
complex abnormality (ectodermal dys- 
plasia) is evident in the daughter and a 
slight deficiency in the dentition is not- 
ed in the mother. An older brother and 
the father of the patient are unaffected. 
Information from the parents indicates 
that no other members of the family are 
affected. The mother and father of the 
patient are distant cousins. 

Anodontia in the female is a rare oc- 
currence of the homozygous condition. 
The rarer the gene the more likely it is 
to appear only in the children of con- 
sanguineous marriages. 
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FROM GENETIC RATIOS TO GENE FREQUENCIES 


OR many of us Professor Dahlberg’s 

book* will make easier the transi- 
tion from the concept of Mendelian ra- 
tios in pedigree genetics, to thinking 
zbout what makes different kinds of in- 
dividuals occur with the frequencies they 
do in different populations. This step 
does not come easily to all, although it 
is necessary for applying genetic knowl- 


edge accurately and efficiently to the de- 
scription of populations and for estimat- 
ing the effectiveness of various ways of 
changing populations. 

The major topics or conditions treat- 
ed are: forms of inheritance, (i.e. num- 
ber of loci concerned, multiple alleles, 
whether autosomal or sex linked, etc.), 
panmixia, assortative mating, and the 


*Mathematical Methods for Population Genetics, by Gunnar Dahlberg. Interscience Pub- 


lishers, London and New York, 1948, 182 pages. 
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importance of the “isolate.” The em- 
phasis on the isolates and what they 
mean to the composition of the popula- 
tion is the most unique feature of the 
book. Dahlberg consistently treats iso- 
lates and “inmarriage” separately, in- 
stead of integrating them under the one 
concept of limited size of population, 
whether caused by isolation or by in- 
breeding, as Wright has done. As is per- 
haps the most feasible approach in the 
study of human genetics, he uses the 
frequency of marriages between first 
cousins as a measure of the amount of in- 
marriage. He concludes that prohibiting 
marriages between first cousins would 
reduce the frequency of recessive defec- 
tives by about 15 percent (page 129). 

Everywhere the book shows internal 
evidence of the author’s close associa- 
tion with actual research in human ge- 
netics and his keen appreciation of the 
possibilities and limitations in that field. 
The style is clear and easy to follow. 
Americans will have no difficulty in un- 
derstanding (although they may be in- 
clined to dispute!) such sentences as the 
following (on page 152): “An Ameri- 
can author (Dublin) has tried to express 
the value of a human life in money. It 
seems to be a widespread opinion in 
America that only dollars and cents can 
make an American act rationally, where- 
as nothing can induce a European to do 
so.” Also on page 171: “It is interest- 
ing in this connection to remember that 
the population in certain regions has 
been recruited primarily from emigrants 
from the lower classes in Europe, e.g. 
Australia and U.S.A., without any no- 
ticeable decline in quality being in- 
volved.” 

Among points which may be criti- 
cized are: (1) Most of the formulas and 


the main emphasis are on completely 
recessive single-gene defects, “whereas 
the main concern of eugenics as well as 
of plant and animal breeding is with 
polygenic characters influenced consid- 
erably by environment. (2) Most of 
the formulas are valid only for special 
cases and often only for extreme condi- 
tions, such as postulating either com- 
plete selection or none at all. (3) Homo- 
zygosis appears to be overstressed near- 
ly everywhere. (4) The treatment of 
assortative mating is much less general 
and complete than that already present- 
ed by Wright in 1921. It is however, 
expressed in a form more readily con- 
verted to Mendelian terms. (5) Al- 
though the consequences of breaking up 
the isolates is mentioned often, there is 
little mention of the processes and pow- 
ers of isolate formation. (6) Panmixia 
is explicitly defined to include also the 
postulate that no selection occurs, rather 
than being defined merely as a mating 
system. 

In short, the book is by no means a 
complete résumé, nor is it the last word 
cn population genetics. It is a useful 
compendium of many special topics in 
this field and is well salted with the au- 
thor’s practical experience and with spe- 
cial application to human genetics. Many 
readers will find it a useful transitional 
step from thinking in terms of Mendel- 
ian ratios to thinking in terms of popu- 
lation attributes, but it has not general- 
ized or unified the latter as much as is 
already possible. To have done this last 
part of the job adequately might have 
made the book so cumbersome and ur- 
readable as to render it useless to many, 
who will gain from it in its present form 


some welcome light. 
Jay L. LusH 
Towa State College 
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PIEBALD HAMSTER 
Figure 7 

Dorsal and ventral views are shown of the mutant piebald male and a normal litter-mate 

brother at the age of 75 days. Note the predominantly white face and smaller size of the pie- 


bald animal. The piebald animal lacks a dark band under the chin, characteristic of normal 
hamsters. 
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A MUTATION IN THE GOLDEN HAMSTER“ 


Cuar_es L. Foote 
Zoology Department, Southern Illinois University, Carbondale, IIl. 


appeared in the literature con- 

cerning variations in coat color 
or other changes from normal in the 
golden hamster (Cricetus aurotus). 
Since there has occurred in our colony 
what seems to be a piebald mutation a 
report might be of interest. Color vari- 
ations in the European hamster, Cricetus 
cricetus, have been noted.:? However, 
such variations in the golden hamster 
might not be expected since the labora- 
tory stock of this species came original- 
ly from a single litter obtained in Syria 
in 1930. 


\ PPARENTLY no references have 


Origin of Mutant 


Our hamster colony was started in 
October 1947 with a group of two males 
and four females from the laboratory of 
Professor Emil Witschi, State Univer- 
sity of Iowa. In June 1948, in a litter 
consisting of only two males, it was ob- 
served that one animal had unusual dis- 
tribution of white hair on the nose, be- 
tween the eyes, patches of white on the 
dorsal side, and absence of the brown 
band just anterior to the forelegs on the 
ventral side. 

It was at first thought that this pie- 
bald condition might be due to injury 
to the young animal. However, when 
the mother was mated a second time 
to the same male which had sired the 
litter with the piebald animal, a litter of 
six (five males and one female) was 
produced. Of these six animals one 
male and the female exhibited the pie- 
bald condition. 

Further crosses have been made in an 


attempt to determine whether this pie- 
baldness is hereditary. Mating of moth- 
er X son (piebald) resulted in a litter 
of nine animals (seven females and two 
males) with one male piebald. Mating 
of brother (piebald) x sister (piebald) 
resulted in litter of seven animals (five 
females and two males) all showing 
varying degrees of unusual white mark- 
ings. In three instances when piebald 
male was mated to three different fe- 
males other than mother or sisters, one 
piebald animal appeared in a total of 26 
animals. These results suggest that the 
piebald character is recessive to normal. 


Variation in Spotting 


Every piebald animal which has ap- 
peared in the colony has white on the 
nose and face, but the extent to which 
other areas are white spotted is variable. 
No piebald animal has the brown band 
on the ventral side, as do all normals. 
In general, piebald animals appear to 
be of smaller body size than normal, 
and have hair that is more thickly dis- 
tributed and of a more silky texture. 
Compare normal and piebald animals in 
Figure 7. Piebald young are consis- 
tently smaller and less resistant to 
changes in environmental conditions 
than are litter mates. 

Since there is evidence that these un- 
usual characteristics in the golden ham- 
ster are inherited, further studies are in 
progress to determine the nature of the 
factors involved. 
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GENOM ANALYSIS IN AMPHIDIPLOIDS 


A New Method of Allocating Genes to Their Correct Subgenoms 


S. G. STEPHENS 
Texas Agricultural Experiment Station 


analysis developed by Clausen? in 

Nicotiana makes possible a rapid 
comparative genetic survey of an amphi- 
diploid and its putative diploid parents, 
and also provides a short cut in the 
establishment of linkage groups. Theo- 
retically, the method should be applicable 
to any amphidiploid species whose dip- 
loid parents, or their close relatives, are 
known. The New World amphidiploid 
cottons (Gossypium spp.) are a case in 
point. Unfortunately and rather sur- 
prisingly, this method has not so far 
been successful with cotton. Although 
asynaptic plants can be produced fairly 
readily! which in turn produce a propor- 
tion of monosomic individuals, the latter 
apparently fail to produce the viable 
haplo-deficient gametes which are the 
essential tools in monosomic analysis 
(Brown, unpublished data). While it is 
possible that new and more viable com- 
binations may eventually be found, it is 
clearly desirable in the meanwhile to 
make the fullest use of other, less effi- 
cient, methods. 

For many years cotton breeders have 
maintained in living “genetic museums” 
a wealth of mutant types, many of which 
are known to be determined by single 
gene differences, but few of which have 
been tested systematically and placed on 
record. With a little cooperation it 
should be possible to classify and collect 
these types into comparatively few con- 
trasted (multiple dominant and multiple 
recessive) stocks. The general use of 
such stocks in genetic research needs no 
elaboration here; it is their particular 
use in the comparative analysis of amphi- 
diploid species which it is the purpose 
of this article to indicate. 


"Tea elegant method of monosomic 


Development of Marker Stocks 


It is possible to build up multiple 
dominant and multiple recessive “mark- 
er” stocks in New World amphidiploids 
(AD genom) and also in Asiatic diploids 
(A genom). It is also possible to a limit- 
ed extent to synthesize new AD amphi- 
diploids by crossing Asiatic cottons with 
American diploid species (D genom) 
and doubling the sterile hybrids so ob- 
tained with colchicine. In the near future 
one can expect to see a considerable in- 
crease in the number of synthetic amphi- 
diploids of the AD type available for 
study. By suitable choice of marked 


Asiatic stocks in the production of these 


synthetic amphidiploids, and by use of 
multiple dominant and multiple recessive 
New World stocks for first cross and 
backcross respectively, it should be pos- 
sible to allocate several New World 
genetic loci to their correct (A or D) 
subgenoms. A hypothetical case may 
be considered in detail for the purpose 
of illustration :-— 


About half of the genetic loci known 
in cotton fall into apparently homologous 
series corresponding to the A, D and AD 
genoms. On the whole it is unusual to 
find duplicates in any one amphidiploid 
species,? the presumption being that one 
of the ancestral loci has been lost, or 
carries a recessive gene, or has lost its 
original function.* Let us consider the 
case of a gene pair, G-g, occurring as 
apparently homologous alternatives in 
the A, D and AD genoms. The initial 
problem is to decide whether this locus 
is carried in the A or D subgenom of 
the amphidiploid. To determine this, an 
American diploid (D genom) carrying 
the dominant gene G, is crossed with an 
Asiatic stock (A genom) carrying the 


*Indicated by (-) in the formulae which follow. 
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recessive gene, g, and a synthetic amphi- 
diploid produced by colchicine treatment 
of the sterile hybrid. This is then 
crossed with a New World amphidiploid 
stock (AD genom) carrying the domi- 
nant gene “G”, whose location is to be 
established. The constitution of the triple 
hybrid will then be: 


(I) (-)4, G?/“G”, or alterna- 
tively, (II) g*/“G”, G? / accord- 
ing to whether “G” is carried in the D 
or A subgenoms. The test of these al- 
ternatives consists of backcrossing to a 
recessive New World stock which lacks 
“G”, viz. the standard backcross test for 
allelomorphism. 

If “Interpretation I” is correct, all 
gametes produced by the triple hybrid 
will contain either G or “G”, and no re- 
cessive g types will be expected in the 
backcross. Alternatively, if “Interpreta- 
tion II” is correct, a proportion of the 
gametes produced (one quarter theoret- 
ically) will contain neither G nor “G”, 
and progenies obtained in the backcross 
will contain recessive g types. Two pos- 
sible disadvantages of the method need 
a little consideration. First, absence of 
recessives in the backcross provides pos- 
itive evidence of the allelomorphism of 
G? and “G”, or, alternatively, presence 
of recessives shows that they are not al- 
lelomorphic. In the latter case, how- 
ever, it cannot be further assumed that 
“G” is allelomorphic with g4, since it is 
possible that during evolution of either 
diploid or amphidiploid, duplication or 
translocation may have taken place with- 
in each genom, so that “G” thay be car- 
ried in neither of the original locations. 
This can be checked by using a recipro- 
cal synthetic amphidiploid (G4, g?) and 
repeating the test. The results of both 
tests should enable one to decide defi- 
nitely whether “G” is carried in a locus 
homologous with either of the diploid 
loci or in a “new” position. A second 
disadvantage might be envisaged due to 
the possibility that incomplete homology 
between the AD genoms of synthetic 
and natural amphidiploids might lead to 
the production of unbalanced or deficient 
gametes. However, if such aberrations 


occurred in connection with the locus 
under test they would presumably be de- 
tected as sterile or otherwise abnormal 
types in the resulting backcross. The 
aberrant types if detected would in them- 
selves provide evidence of non-homology 
between the marked” chromosomes; if 
undetected, being deficient, they would 
be scored as recessives, leading to the 
same conclusion with regard to the loci 
under test. 


Mutant Genes a Complication 


In addition to genes which apparently 
fall into homologous series in diploids 
and amphidiploids, there are mutant 
genes which are confined to the amphi- 
diploids. In such cases it is not possible 
to allocate the locus to its correct sub- 
genom by the method outlined above. It 
is possible, however, to obtain some in- 
formation on the amount of differentia- 
tion between the parental diploid genoms 
and the homologous sub-genoms in the 
amphidiploid. Thus if a mutant reces- 
sive, m, is found only in the amphidip- 
loid, it is likely (a) that both A and D 
genoms in the parental diploids carry 
dominant normal (M) genes in their 
respective loci, or, (b) that the M locus 
is lacking in either the A or the D gen- 
omom, or (c) that the locus is lacking in 
both diploid genoms. The triple hybrid 
obtained by crossing any synthetic 
(AD) amphidiploid with a natural am- 
phidiploid homozygous for m, should 
then have one of the following possible 
constitutions : 


(a) M locus present in both parental 
genoms. 
M4/mA, M?/(-)P or MA/(-)4, MP/mP 
In either case only one quarter of the 
gametes produced should lack the 
dominant M gene (tested by back- 
crossing to an amphidiploid homozy- 
gous for m). 
(b) M locus present in either the A or 
the D parental genom. 
MA/mA, (-)?/(-)? or (-)4/(-)4, MP/mP 
In either case M- and m- carrying 
gametes should be produced in equal 
numbers (tested by backcrossing to 
an amphidiploid homozygous for m). 
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(c) M locus lacking in both parental 

diploid genoms. 

In either case the triple hybrid lacks 
M and should therefore show the m 
character. On backcrossing to the 
synthetic amphidiploid, m should be- 
have as a dominant gene. 

It should be stressed that the three situ- 

ations outlined above, though the most 

likely, are not the only possible ones, 
and the tests should be regarded as pro- 
viding indicative rather than critical in- 
formation. But, it is believed that used 
intelligently in conjunction with other 
sources of information they will prove 
to be of considerable value. For instance, 
confirmatory evidence might be expect- 
ed from the use of a homozygous m type 


hexaploids of the constitution A.AD or 
AD.D. The appearance of normal plants 
in the subsequent backcrosses to m types 
would indicate the introduction of a nor- 
mal (M) gene from one or other of the 
diploid parents. The main point is that 
suitably marked stocks should be used 
to replace standard commercial varieties 
for future cytological work, in order to 
make fullest use of the potential infor- 
mation available. 
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USE OF RADIOACTIVE ISOTOPES 


One of the by-products of the development of the atomic bomb was the discovery of tech- 
niques for the production of isotopes in large quantities thus greatly extending their use in 
medicine and biological research. 

In the field of isotopes and their use as tracers in biological research it is only about 25 
years ago that they were first used. Isotopes were then excessively rare and exceedingly ex- 
pensive. The development of the cyclotron before the war and the nuclear reactors during and 
since then have changed all this. Isotopes are now cheap and abundant and we may, if no new 
war intervenes, look forward to great advances in knowledge resulting from the use of tagged 
atoms in explaining the structures of living matter and in therapeutics. 

To summarize available knowledge on this subject the Wisconsin Alumni Research Foun- 
dation sponsored a Symposium on the Use of Isotopes in Biology and Medicine. Several hun- 
dred psysicists, chemists, biologists and physicians met on the shores of Lake Mendota in 
Wisconsin in September, 1947, to listen to 19 experts discuss various phases of the use of 
isotopes. These papers form the substance of this book.* 

After an historical paper on the use of isotopes in biochemistry by Hans T. Clarke, Harold 
Urey discussed the separation of stable isotopes, Glenn Seaborg, the preparation of radioactive 
isotopes and Paul Aebersold told of the availability of these substances and how to obtain sup- 
plies from the U. S. Atomic Energy Commission. Alfred Nier spoke on the detection of stable 
isotopes, and Charles Coryell took up the fundamental principles of the detection and measure- 
ment of radioactivity. Other papers included discussions on the medical applications of radio- 
active tracers and the use of radioactive compounds in the study of problems of metabolism and 
in the treatment of disease. 

Enough has been said to indicate that this is an important book. Despite the absence of 
a specific section of interest to students of heredity there is much data that they can use in 
applying this new knowledge to their own studies. 

Morris C. LEIKIND. 
Library of Congress, Washington, D. C. 


*A Symposium on the Use of eo in Biology and Medicine. The University of Wis- 
consin Press, Madison, 1948. 445 p. $5.00. 
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THE ANCON OR OTTER SHEEP . 


History and Genetics 


WaLTER LANDAUER AND Tso Kan CHANG* 
Storrs Agricultural Experiment Station, 
University of Connecticut, Storrs, Connecticut 


HOMOZYGOUS AND HETEROZYGOUS ANCON SHEEP 
Figure 8 


Ancon ram left, normal (heterozygous) ewe center, and Ancon ewe right from the flock of 
the Storrs Agricultural Experiment Station. The Ancon ewe shows the crippling of the feet 


that is typical of many animals of this kind. 


RIGIN and history of almost all 
() breeds and varieties of domestic 

animals are cloaked in uncertain- 
ty. This is the natural result of gradual 
evolution. Crossing of different stocks, 
efforts to eliminate undesirable traits, 
and long-continued selection toward an 
ever-changing goal inevitably led to the 
slow emergence of extremely complex 
hereditary mosaics, our contemporary 
breeds. 

One of the noteworthy exceptions to 
this rule is found in the history of the 
Otter or Ancon breed of sheep. Here 
we have the well-authenticated origin of 
an entirely new type of animal which, 
toward the end of the eighteenth cen- 
tury, sprang from a New England farm 
flock as Pallas Athene did from the head 
of Zeus. We now know that the sudden 


changes which gave rise to the Ancon 
breed were the result of a mutation. 

The Ancon sheep, in fact, represents 
the earliest recorded mutant among do- 
mestic animals. The breed, therefore, 
has considerable historical interest, and 
it may be worthwhile to review in some 
detail accounts of eye-witnesses and oth- 
er contemporaries. 


Record of First Ancon Mutation 


It was as an example of the sudden 
origin of a new race that Charles Dar- 
win (1868) concerned himself with the 
Ancon sheep which, he thought, had be- 
come extinct at the time when he was 
writing. Actually, some of these animals 
were still extant at that time, but the last 
New England Ancons seem to have van- 
ished during the decade following the 


*We are grateful to Dr. Barbara Lawrence and the Museum of Comparative Zoology at 
Harvard College for loan of the skeletal material from the Massachusetts Ancon ram. 
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publication of Darwin's book. In 1919, 
one hundred and twenty-eight years af- 
ter the birth of the first Ancon lamb in 
Massachusetts, an Ancon-like mutation 
occurred in a farm flock in Norway. The 
subsequent transfer of this new stock to 
the Storrs Agricultural Experiment Sta- 
tion gave us an opportunity for extend- 
ed observations. 

The chief source of information for 
the first Ancon mutation is a letter which 
Colonel David Humphreys wrote to the 
then president of the Royal Society of 
London, Sir Joseph Banks, and which 
was published in the Philosophical 
Transactions for 1813. The letter is dat- 
ed Humphreysville (now Seymour) in 
the State of Connecticut, November 1, 
1811, and the more important passages 
read as follows: 

“I propose to give some account of a 
new variety in the breeds of sheep, which 
has lately sprung up in America.” 

“Seth Wright,* who possessed a small 
farm on the banks of Charles River, in 
the town of Dover and State of Mass- 
achusetts, about sixteen miles distant 
from Boston, kept a little flock com- 
posed of fifteen ewes and one ram. In 
the year 1791, one of the ewes produced 
a lamb of singular appearance. By the 
advice of some of his neighbours, he 
killed his former ram, and reserved the 
young one for breeding. The first sea- 
son, two lambs only were yeaned in 
his likeness. In the following years, a 
number more, distinguished by the same 
peculiarities. Hence proceeded a strong- 
ly marked variety in this species of ani- 
mals, before unknown in the world. It 
has been called by the name of the Otter 
breed.” 

“This name was given from a real or 
imaginary resemblance to that animal, 
in the shortness of the legs and length of 
the back; by some supposed to have 
been caused by an unnatural intercourse ; 
by others, perhaps as fancifully, from 
fright during gestation. It is only cer- 
tain, that otters were then sometimes 


seen on the banks of the river. They 
have since disappeared.” 

“The singularity of forms seems to be 
confirmed in the blood. Experiments, in 
crossing, have changed the strain, or, if 
I may be allowed so to express it, amal- 
gamated the qualities of this with those 
of other breeds, so as to produce a mixed 
or mongrel race, in too few instances to 
form an exception to the theory.” 

“When both parents are of the otter 
or ancon breed, the descendants inherit 
their peculiar appearance and_ propor- 
tions of form. I have heard of but one 
questionable case of a contrary nature.” 

“The small number of cases where the 
young are said to partake in part, but 
not altogether, the characteristics of this 
breed, will not invalidate the general 
conclusions, established on experience in 
breeding from a male and female of dis- 
tinct kinds.” 

“When an ancon ewe is impregnated 
by a common ram, the increase resem- 


‘bles wholly either the ewe or the ram.” 


“The increase of a common ewe, im- 
pregnated by an ancon ram, follows en- 
tirely the one or the other, without 
blending any of the distinguishing and 
essential peculiarities of both.” 

“The most obvious difference between 
the young of this and other breeds, con- 
sists in the shortness of the legs of the 
former ; which combined with debility or 
defect of organization, often makes them 
cripples in maturer age.” 

“Frequent instances have happened 
when common ewes have had twins by 
ancon rams, when one exhibited the 
complete marks and features of the ewe; 
the other of the ram.” 

“The lambs are remarked to be less 
capable of standing up to suck without 
assistance, when first yeaned, than 
others.” 

“To whatever cause it may be attrib- 
uted, whether arising from defect in 
vertebrae, muscle, joint, or limb, it is 
certain that they can neither run nor 
jump like other sheep. They are more 


*“The Genealogical History of Dover” by Smith (1917) gives the name as Seth Wight, 
born January 20, 1753, died July 14, 1799. He is referred to as the originator of the Otter sheep 
which “were for many years a favorite breed in Dover.” Davenport (1937) gives the name as 


Seth Wite, Jr. 
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infirm in their organic construction, as 
well as more awkward in their gait, hav- 
ing their fore-legs always crooked, and 
their feet turned inward when they 
walk. According to some information, 
the rams are commonly more deformed 
than the ewes.” 

“It may be asked with reason, why 
such a breed should have been contin- 
ued ?” 

“The expectation of advantage, par- 
ticularly in one way, doubtless prevailed 
over slighter considerations. . . . The 
breed of ancons was expected to be a 
valuable acquisition, on account of their 
being less able than others to get over 
fences.” 

“In New England, beyond which they 
have rarely migrated, there are few com- 
mons: no hedges: no shepherds: and no 
dogs, whose business it is to watch 
flocks. The small freehold estates are 
enclosed by fences of wood or stone. 
These are frequently too low to prevent 
active sheep from breaking out of pas- 
tures, into meadows, or grounds under 
cultivation. Crops are injured. Farmers 
discouraged. Hopes were entertained 
that this evil would be remedied. It has 
been in part.” 

“To countervail this advantage, the 
drovers have complained of the great 
difficulty of driving these cripples to 
market ; and the butchers, that the car- 

s° is smaller and less saleable, than 
that of our common breeds. Perhaps, it 
is commonly not so fat... .” 

On Humphreys’ request one of these 
sheep was dissected by the Boston sur- 
geon Dr. George Chayne Shattuck (the 
elder) whose report was as follows: 
“The sheep weighed just before it was 
killed forty-five pounds. The most obvi- 
ous difference in its skeleton from the 
skeleton of the common sheep, so far as 
my superficial observation has extended, 
consists in the greater looseness of the 
articulations, the diminished size of the 
bones ; but more especially in the crook- 
edness of its forelegs, which causes them 
to appear like elbows, while the animal 
is walking. I have taken the liberty to 
call them ancon, from the Greek word 


which signifies elbow. On dissecting the 
sheep, I could not forbear noticifig the 
comparatively flabby condition of the 
subscapularic muscles: this may partial- 
ly account for the great feebleness of the 
animal, and its consequent quietude in 
pasture.” 

Humphreys’ account is admirably 
clear and correct in almost every detail. 
He perceived the unit segregation of the 
Ancon traits, and his account of the orig- 
in of the mutation leaves little doubt 
about its having been recessive. There 
is one passage, however, in Humphreys’ 
letter which casts some doubt on the 
mode of transmission. It reads as fol- 
lows: “The inclosed specimen of wool, 
No. 1, is from an ancon Merino: that is 
to say, the offspring of an ancon ewe 
and Merino ram. Its shape is the very 
image of the former: its wool, which 
covers almost the whole face, and ex- 
tends quite down to the fetlocks, of a 
pretty fine quality (a common sign of 
the best blooded Merinos) partakes the 
silky feel and felting quality of the lat- 
ter; with, I judge, about the same por- 
tion of fineness as the fleeces, which 
my quarter-blooded Merinos ordinarily 
carry.” On first reading, this statement 
suggests that the father of the Ancon 
ewe in question was a “pure” Merino 
and this would not be in accord with in- 
terpreting the Ancon traits as recessive. 
The fact, however, that Humphreys rat- 
ed the wool of this Ancon ewe as “quar- 
ter-blood” suggests that the Merino fath- 
er was “half-blooded,” presumably from 
a Merino-Ancon cross, and hence heter- 
ozygous. 

Humphreys also recognized in a more 
general way the importance of his ob- 
servations. This is clear from his fol- 
lowing remarks. “I have been the more 
particular in the statement, because I 
deemed it important the point should be 
settled, so far as evidence can be ad- 
duced, that the preservation of differ- 
ent breeds, once clearly designated, in 
whatever manner obtained, whether 
from casualty, as in the present instance, 
or from calculation and cultivation, as in 
that of the new Leicester breed, depends 
more on some inherent quality in the 
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blood, than on climate, food, or any oth- 
er circumstance.” 


Utility versus Beauty 

Timothy Dwight, president of Yale 
College, visited the town of Mendon, 
Massachusetts (to which Dover had for- 
merly belonged) on October 13 and 14, 
1800 and recounted the information 
which he had gathered there. It should 
here be remarked parenthetically that 
the popular designation of the new va- 
riety was always that of Otter sheep, 
the name Ancon remaining literary. 
With regard to the propagation of the 
original mutant stock Dwight made the 
following statement. “The proprietor, 
therefore, determined on an attempt to 
produce a breed of the same kind. The 
attempt was successful. The progeny 
had all the characteristics of the [An- 
con] parents, and, although they have 
since multiplied to many thousands, have 
exhibited no material variation. I am 


further informed, that the breed has - 


been crossed with a breed of a sheep 
common in this country; and in all in- 
stances to the date of my last informa- 
tion, the lambs have entirely resembled 
either the sire, or the dam; and have 
never exhibited the least discernible mix- 
tures.” As to the utility of the Ancon 
breed Dwight had this to say: “But their 
peculiar value consists in the quietness, 
with which they continue in any enclo- 
sure. In a country, where stone walls 
are so general as in many parts of New 
England, it would seem, that sheep of 
this description must be almost invalu- 
able.” 

The introduction of Merino sheep in- 
to this country and the increasing de- 
mand for fine wool that followed it were 
the immediate cause for the displacement 
of unimproved stocks. But in the case 
of Ancon sheep there was an additional 
reason. The animals often were serious- 
ly handicapped by the abnormal confor- 
mation of their extremities. R. R Liv- 
ingston (1809), Chancellor of the State 
of New York and an expert on sheep, 
gave picturesque expression to this point 
of view: “We find at this moment a de- 
formity in sheep cultivated with atten- 


LONG-LEG VS. SHORT-LEG 
Figure 9 


Front view of Ancon skeleton with foreleg 
of a normal sheep next to it for comparison. 


tion among ourselves. An accidental va- 
riety of sheep have been found here with 
short crooked legs, such, in fact, as to 
cripple them, and to make motion, as I 
should think, painful to them. These, 
called the Otter Sheep, are valued for 
this deformity, because it disables them 
from straying or leaping over walls or 
fences; and what was at first probably 
an accidental circumstance, has become 
the basis of a new and unsightly race. If 
a civilized nation, with whom taste has 
formed a standard for beauty, can con- 
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ANCON AND CHEVIOT SKELETONS 
Figure 10 


The skeleton of an Ancon ram, above, has an over-all length of 107 cm., height to top of scapula 
43.2 cm., height to top of sacrum 44.5 cm. Skeleton of normal ram, below, over-all length 106.7 
cm., height to top of scapula 61.6 cm., height to top of sacrum 59.1 cm. 


sent to cripple God’s works, and erect 
an altar to deformity, whereon to sacri- 
fice the enjoyments of a helpless and 
useful animal, why should we be sur- 
prized, that savages, ignorant of the 
beauty of proportion and the harmony of 
forms, should have early sought to curb 


the troublesome agility of their sheep, by 
giving the same preference to rickety 
tails, that some among us have done to 
rickety legs?” And again: “The Otter 
sheep, it is said, were first discovered in 
some island on our eastern coast, where 
I cannot precisely say, and from thence 
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they have spread to the adjoining states. 
The sheep of this breed are rather long- 
bodied than large, and will weigh, like 
the other sheep of the country, about 
fifteen pounds a quarter when killed 
from grass. Their wool is of a medium 
fineness, and a medium length; it is nei- 
ther properly short-clothing wool, nor 
is it of such length as to be advantage- 
ously combed. But what particularly 
characterizes these sheep, and from 
which, together with the length of their 
bodies, they probably took their name, 
is the extreme shortness of their legs, 
which are also turned out in such a man- 
ner as to render them rickety. They can- 
not run or jump, and even walk with 
some difficulty. They appear as if their 
legs had been broken, and set by an awk- 
ward surgeon. To me there is something 
so disgusting in the sight of a flock of 
these poor lame animals, that even a 
strong conviction of their superior util- 


ity could hardly induce me to keep them. — 


The only advantage that can result from 
this deformity, is, that they cannot pass 
over stone walls, and are confined by 
slight fences. Whether this will coun- 
terbalance the sufferings to which they 
must be liable in a deep snow, the im- 
possibility of driving them to distant 
pastures or to market, and the facility 
with which they may be destroyed by 
dogs, is a matter of calculation with eco- 
nomical farmers. Those, however, who 
possess a grain of taste, who take a 
pleasure in the sportive gambols of their 
lambs, and who delight rather in per- 
fecting than in maiming the works of 
nature, will seldom be induced.to propa- 
gate, beyond what is absolutely neces- 
sary, an infirmity which abridges the 
short enjoyments of a useful and help- 
less animal.” 

Another leading sheep breeder of the 
time, Daniel Holbrook of Derby, Con- 
necticut, acquired a pair of Ancon sheep 
and made some breeding experiments of 
his own. Holbrook (1805) made the fol- 
lowing statement about his results: “In 
the year 1800 I purchased a pair of sheep 
called the Otter breed. This breed of 
sheep are well known by some, but I 
presume are unheard of by many others. 
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They generally have long, round bodies, 
thick necks and breasts, broad hips, very 
short legs that stand wide apart and 
some of them bend outwards. They can- 
not run or leap fences as well as others, 
and mine have about the same quantity 
of wool as the other kind, and some fin- 
er. My lambs by those rams with other 
sheep have generally been either of the 
Otter or common kind, but in some in- 
stances they partake partly of the shape 
of both, and I think these ameliorate the 
breed... .” 

In 1846 Morrell reported that “the 
breed have been abandoned, and become 
extinct.” According to Garman, Heath 
and Minto, however, a flock of eight An- 
con sheep was still being maintained 
somewhere in Rhode Island as late as 
1876. The Ancons must, however, have 
become extinct soon thereafter. 


The Norway Ancon 


As was mentioned earlier, a new An- 
con mutation was found in Norway 
about thirty years ago. The first animal 
of this kind turned up in a flock of grade 
Cheviot sheep. Wriedt (1925) made a 
few crosses and reported that the char- 
acteristic Ancon features were trans- 
mitted as a single, recessive factor. This 
conclusion has been confirmed by breed- 
ing tests at the Storrs Agricultural Ex- 
periment Station. Crosses between An- 
con and unrelated normal sheep gave ex- 
clusively normal progeny (17 sy ts. 
Ancon mated to Ancon, even if one or 
both parents of the Ancons had been 
normal (but heterozygous) produced in- 
variably Ancons (53 tests). From back- 
crosses of heterozygous ewes to Ancon 
rams 79 lambs were obtained, 36 of 
which were Ancon and 43 normal, a re- 
sult which is in satisfactory agreement 
with the expected equality of the two 
classes. 

It will be remembered that Hum- 
phreys and Holbrook reported seeing a 
few animals which were somewhat in- 
termediate between Ancons and normal 
sheep. We can confirm their experience. 
Among 95 Ancon sheep observed by us 
there were eight which were definitely 
less “dachshund-like” than is usual. 
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Parentage and breeding history of these 
intermediates as well as the morphology 
of their skeleton proved them to be ge- 
netically Ancon. These eight interme- 
diate Ancons were produced by three 
ewes among a total of 33 mothers which 
were tested. It seems likely that the par- 
ents of these intermediate Ancons car- 
ried genes (modifiers) which suppressed 
full expression of the Ancon traits. All 
of them had in their ancestry a normal 
Cheviot ram that was used in the herd 
during one season. These and other ob- 
servations suggest that Holbrook was 
right in believing that the crippling ab- 
normalities can be bred out of the An- 
con stock. 


Are the Two Mutations the Same? 


It would be of considerable interest to 
know whether or not the American and 
Norwegian Ancon variations are expres- 
sions of the same mutation. Wriedt ap- 
parently took it for granted that this was 
so and, in view of the fact that both 
stocks presumably were of British orig- 
in, he even suggested as a fair possibil- 
ity that, rather than dealing with re- 
occurrence of the same mutation, the 
gene had been carried along until homo- 
zygotes finally were rediscovered. 


TABLE I. Length of bones in mm. Adult animals. 


Normal Storrs—Norway Ancon 
Cheviot ewes Ewes Rams Massachu- 

(aver. of (aver. of (aver. of setts 
Sumerus 148.5 138.9 148.6 115.1 
Radius-ulna 195.9 140.0 163.4 146.5 
Metacarpus 120.4 80.1 94.8 100.5 
Foreleg 
(without toes) 464.8 359.0 406.8 362.1 
Femur 182.6 158.7 173.2 138.5 
Tibia 209.1 161.2 168.2 139.1 
Metatarsus 120.5 68.6 72.4 105.4 
Hindleg 
(without toes) 512.2 388.5 413.8 383.0 
Skull 232.7 225.0* 242.4** 221.7 


* Average of eight. 
** Average of three. 


TABLE III. Reduction of long bones in percent of 
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The several descriptions of external 
appearance and behavior of the early 
Massachusetts Ancons fit in every re- 
spect the new (Storrs-Norway) Ancon 
mutant (Figure 8). The typical features 
of the skeleton in our Ancon material 
can be seen by a comparison of Figures 
10A and B. The most prominent trait, al- 
sc demonstrated in Figure 9, is the great 
reduction in length of the extremities 
and the frequent crippling of the feet. 
The body of Ancon sheep, because of its 
lowness, appears elongated, but actually 
has normal length. Skull, vertebrae and 
pelvis show minor abnormalities A de- 
tailed morphological and histological re- 
port on the Ancon skeleton will be pub- 
lished elsewhere by the junior author. 

A disarticulated skeleton of an Ancon 
sheep from the original Massachusetts 
stock has, fortunately, been preserved in 
the collections of the Museum of Com- 
parative Zoology at Harvard College. 
This skeleton was put at our disposal 
and a comparison with our own material 
revealed fairly striking differences. The 
measurements and indices which con- 
cern us here are given in Tables I to IV. 
These values are less perfect than one 
might wish them to be because we had 
no normal sheep contemporary with the 
Massachusetts Ancon ram, nor had we 
skeletal measurements of normal Chev- 


TABLE II. Length of long bones in percent of total 
length of foreleg and hindleg (without toes), respec- 


tively. 

Normal Storrs—Norway Ancon Massa- 

Cheviot chusetts 

ewes Ewes Rams Ancon ram 
Humerus 31.9 38.7 36.5 31.8 
Radius-ulna 42.1 39.0 40.2 40.5 
Metacarpus 25.9 22.3 23.3 27.8 
Femur 35.7 40.8 41.9 36.2 
Tibia 40.8 41.5 40.6 36.3 
Metatarsus 23.5 7.7 17.5 


TABLE IV. Average long bone length in percent of 
average skull length. 


bone length in normal females. Normal = Storrs—Norway Ancon Pre 
Storrs—Norway Ancon Massa- ewes Ewes Rams Ancon ram 

: chusetts Humerus 63.8 61.7 61.3 51.9 

Ewes Rams ___Ancon ram Radius-ulna 84.2 62.2 67.4 66.1 

Humerus 6.5 0 22:5 Metacarpus S17 35.6 39.1 45.3 
Radius-ulna 28.5 16.6 20.1 Foreleg 

Metacarpus 33.5 21.3 16.5 (without toes) 195.5 159.6 167.8 163.3 

Foreleg (without toes) 22.8 12.5 22.4 Femur 78.5 70.5 715 62.5 

Femur 13.1 5.1 24.2 Tibia 89.9 71.6 69.4 62.7 

Tibia 229 19.6 33.5 Metatarsus 51.8 30.5 29.9 47.5 
Metatarsus 43.1 39.9 Hindleg 

Hindleg (without toes) 24.2 19.2 28.2 (without toes) 220.1 172.7 170.7 172.8 
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LONG BONES COMPARED 
Figure 11 


The long bones of a normal, a Storrs-Nor- 
way Ancon, and the Massachusetts Ancon 
ram shown in groups of three in this order: 
Upper row, from left to right, humerus, ulna, 
metacarpus; lower row, from left to right, 
femur, tibia, metatarsus. 


iot rams. Certain conclusions, however, 
are sufficiently obvious. 

It can be seen (Table I) that in the 
Massachusetts Ancon ram absolute 
length of the long bone segments of both 
legs is very similar to that of our Storrs 
Ancon ewes. The same is true for the 
degree of shortening of forelegs and 
hindlegs as a whole (Table III). In all 
Ancons, irrespective of origin and sex, 
the hindlegs are shortened to a greater 
extent than are the forelegs (Tables I 
and III). A comparison of the measure- 
ments of the individual long bones shows 
(Tables II and IV) that in the Massa- 
chusetts Ancon ram shortening of the 
long bones in fore- as well as hindlegs 
is much more nearly proportional than 
in the Storrs-Norway Ancon stock. In 
our Storrs material the humerus shows 
little or no change in length and the 
femur is only slightly reduced ; the max- 
imum changes are in this stock found in 
the metacarpus and metatarsus. In the 
Massachusetts Ancon ram, on the other 
hand, the most distal long bones are 
least reduced in length and the two 


proximal ones are shortened to a similar 
degree (Table III). Length of the skull 
appears to be little affected in either 
one of the two Ancon stocks, and indices 
of long bone length based on length of 
the skull (Table IV), therefore, illus- 
trate well the differences between the 
Massachusetts and the Storrs-Norway 
material. (See also Figure 11.) 

These measurements suggest that in 
the Massachusetts Ancon stock the ef- 
fect of the mutant gene on growth in 
length of the long bones occurred earlier 
in ontogeny than it does in our material. 
This difference might be due to dissimi- 
larities of residual heredity, as they cer- 
tainly exist, but it seems at least as likely. 
that we are dealing with two distinct 
mutations. It is clear, however, that the 
gross abnormalities of the two stocks 
were very similar ones. 
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